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On many occasions, such as in industrial acci¬ 
dents or inadvertent overexposure to insecticides, 
in diagnostic; procedures for diabetes insipidus 
(Chalmers; and Lewis, 1951; Cates and Garrod, 
1951; Dingman et at,, 1957)i or in the enjoyment 
of tobacco smoking, the human assimilates nico¬ 
tine in varying quantities. It has been frequently 
observed that following the smoking of tobacco 
only a small fraction of the absorbed nicotine is 
eliminated in the urine; (Corcoran et al., 1939). 
It may be deduced; on the basis of animal experi¬ 
ments, that this hw excretioni of nicotine prob¬ 
ably arises from an active metabolism and does 
not indicate storage or excretion by other path¬ 
ways. 

Studies in the rat (Ganz et al.y 1951)' and in 
the dog (Bennett et al., 1954) with uniformly 
labeled C^"* nicotine have demonstratedi that the 
major part of the adtninistered^ radioactivity is 
eliminated in the urine.Tin the dog the unchanged 
nicotine in the urine accounts for approximately 
10% of the administered dose. 

Examination of the urine; of dogs; after intra¬ 
venous administration of f-nicotine (I): has led 
(hIcKennis et al., 1957-1959); to the isolation 
and identification of a variety of metabolites 
including 7-(3-pymdyl)-7-methylaminobutyriic 
acid (Hi): and its lactam cotinine (III)', desmethyl- 
cotinine (;i\^: andl hydroxycotininc (V). 7-(3- 
Pyridyi)^ 7 -methy!aminGbubyric acid can under 
conditions of physiological pHI and temperature 
(McKennis etah, 1957); spontaneously Ihctamize 
to yield cotinine; andl the; latter gives rise to both 
desmethylcotinine and hydroxycotininc when 
adminietcredl to the dog (McKennis cf al., 195Sb,, 

^ Presented in part at the 36th: Annual Meeting, 
Virginia Academy, of Science,,Roanoke, Virginia, 
May 9,195S and at the Twelfth Tobacco Chemists’ 
Research Cbnference, Durham; North Carolina, 
October 24,; 195S. 

* Public Health Research Fellbw of the Na¬ 
tional Heart Institute,; National Institutes of 
Health, U. Si Public Healthi Service. 


1959):. The known metabolic interrelationships 
are summarized. 
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(V): 


The; develbpment of the procedures used in 
the foregoing have: made; possible a study of 
nicotine metabolism in the human. This com¬ 
munication describes studies on the isolation of 
some of the chloroform-soluble metabolites of 
nicotine present in the urine of the human (non- 
smoker) and of pyridine compounds:present in the 
urine of human smokers. 

Methods and Materials. Administtation of 
niroiine to the human. A normal adult male; (SO.4' 
kg) (non-smoker); received an oral dose ofi 30 mg 
of Z-nicotine per day (in consecutive hourly day¬ 
time dbses ofi 3.mg each in gelatine capsules) . The 
experimental! period was concluded at the end of 
the third dh,y because of nausea and the accom¬ 
paniment of vomiting on the commencement of 
the fourth dhy. 

Procedure for ike isolation of the metabolites. 
The oombinedi total urine; volume (5 liters) from 
the 3-day period was adjusted to pH 10 with am¬ 
monia water and then exhaustively extracted 
with chloroform. The residue after the evapora- 
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tion of the chloroform was. ohromatiographed on 
Whatman noi 1 paper with 0.5'N ammonia water 
(1 volunie)^95%, ethanol (1 volume)-n^but'anol (4 
volumes) (AIcKennis. et. al., 1957). The: Koenig 
positive zones were Ibcatied with a spray ofl al¬ 
coholic p-aminobenzoic acid which was followed 
by treatment with vapors of cyanogen bromide. 
Paper chromatograms were also: prepared witih 
sec. butanol-formic acid-w,ater: (iHausman, 1952). 

The residue from the: chloroform' extract was 
dissolved in 25 ml of water and adjustied to: pH 2 
with 5'N: HCl. The solution was: passed through 
Dowex 50 (IK) (20 X 150 mm)'. After a water 
wash the colunmi w.as eluted' w.itli SO ml of N/l 
ammonia water. Tlie ammoniacal soltitlon was, 
conoontratedi to tv brown residue. A sohition of 
the latiter in 10 mt of water was adjustedito pH'9: 

' With N/l ammonia' water and passed througlu 
Dowex 1 (OH“) ('1'5 X 100 mm)'. The effluent and' 
water wash were concentrated to a brown gum 
(149 mg). Elution of the column with N/l acetic 
acid served to remove a component with an Rf 
value of 0.74 (ammonia-ethanol-butanol). An ex¬ 
tract ofi the gum in 23 ml of chloroform was 
poured onto am acid-washed alumina column (5 g) 
and eluted with other containing successively 
increasing concentrations of methanol. The frac¬ 
tions, obtained with 1 to 10(c metlianolic ether, 
containing a single Koenig'component at Pt:f 0.74 
(ammonia-ethanol-butaool):, were combined., 
Upon evaporation ofi the solvent 10.1 mg of 
cotinino were obtained: as a light colored oil 
(representing, about 10// of the administeredi 
nicotine dbse)', X max 260 m^t in ethanolic HCl. 
The oill was converted to 211.5: mg. ofi cotinino 
dlpicrate, micro'm.p.,; 102.oXU 

Fractions with Rf O.Gt (ammonia-ethanfd- 
butanoll, obtairiedi from the alumina column 
(above) with 10 to 100^/ methanol,.were combined 
and' evaporated! to give: 14.7 rag of gum. The lat¬ 
ter, after treatment with acetic anhydride- 
pyridine and upon evaporation of the reagent, 
was rechromatographedi fm alumina as. described 
above. Two fractions; Rf 0.61 (1.62 mg) and Rf 
0.75'were obtained.. 

Tr.catjueni of' noioke.r^' urine. Smokers’ urine 
(60 liters) was' obtained by. v<>luiU.ar:y dliytime 
cont ributioms from male laljorator.y W(jrkt'rs. 
Chloroform extraction' of lihe urine w.a3: accom¬ 
plished in the: previou.-ly flhscribed maimer. The 
rcsidiie from the evapnraition of the: clilorofiorm 
was. treated with wa'ier and methanol, to obtain 
all of the Koenig pt)sitive maieriar in solut'if.m. 
Cotinine (S7 mg): was isolatodland then'converted 
t;o' the dipicrate by the procedure described 
above. 

Examination of hu?uan urine for S-amino^ 
viethi/lpyridincs: Siiin[)les of urine from smokers 


or the subject who ingested nicotiine were ad¬ 
justed to pH 2 and placed on.lDowex:50 (Hr):. The: 
effluent and an ammoniacal eluate of the rosin 
column were tireatied with cyanogen bromide; 
(Larson and Haag, 1942): before and after boiling., 

Preparation of cotinine dipicr.aie. A solutiom 
of synthetic cotinine ('509: mg', 0:.0029 mol): (Me- 
KenniH:ci ah, 1959)'in 1 ml of methanol!, and 1.6 g 
(0:007 mol) of picric acid was heated to boiling, 
Upon cooling, and scratching, a'yellow crystalUne 
precipitate fonnod. The product had a constant 
micro m.p. (il02.5°C) after G' necrystiallizations 
from' methanol. Calhulhted for Cs^HisNsOu* 
C, 41.65; III, 2;86;,N, 17.66. Found: C; 42.37; H, 
2.89 ;,N, 17.97. 

Cotinine nionopicr.aie from cotinine dipio.raic.. 
Cotinine: di|)icrate was dissolved in a minimum 
amount of hot absolute alcohol,. The soUitiion 
upon cooling deposited; yellow crystals. After 6 
recrystallizations the micro nv.p. was 104°-105X. 
Calculated for Ci^HuNsOs:; C,M7.41;; H, 3,73; N, 
17.28. Found: C) 47.30; H,;3.75; N, 17.16. 

Results. During the 3-('lay. period the human 
subject oxcretod approximately 10% the ad¬ 
ministered nicotine iin the form of cotinine. Due 
to the fact that tobacco smokers! urine was ob¬ 
tained! only during the daytime and witllout 
cllita on the: smoking habits ofi the subjects, or 
composition of the smoke it is not possible to 
calculate percentage of mctabolismi Cotinine, 
in addition' to other pyridine compounds,; has 
beem identified iir tobacco smoke (Quin,, lOoS'*, 
Rayburn, personal communication, 1958). 

The chromatographic evidence (table 1) points 
to the presence of cotinine, desmethylcotinine 
and hyclroxycotinine ini all samples examined. 
Positive identification of cotinine was effected! by 
infruriocli spectrograms: of the picric acid salts of 
cotlinine. Double verification was made; by con¬ 
verting (lipicrates to monoi)icTates. The dipicrate 
wasddentiical to ai sample prepared! in the: labora- 
tOLV of tlie Japan Monopoly Corporation (Wada; 
ct ai.., 1959):. Authentic sidts and ‘.'orre.sponding 
isolatcfl salts had the saim* melting point.. The 
mixtrd nu'lting points, showed no deprossioni 

Tlie cyanogen bromide reaction of! Dowex 50 
(!lli^);-tr(':ated uriiK' w.as negative. The ammoniacal 
eluate of the resin was. positive and gave a pink 
color: Following lufat treatment, whichi cyciizes. 
7i-(3:i.)yrid\’l):-7-methylamin()l)uty.riic acid to coti- 
niue, the pink color was no longer obtained on 
test sampk'S:, 

Dihcussiox. Tlie results obtained in the survey 
of nicotine: metabolism in the human indicate a 


Source: https://www.industrydocunnents.ucsf.edu/docs/jlvm0000. 
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TABLl- II 


R'f. mines of the chloroform-soluble, Koenig positive 
compone 7 its of the urine from the human {non- 
smoker), hionari smoker and the dog* 


Source: 

1 Rf Valties 

Ammonia-ethanol- 
butanol j 

.tff-Butanol- 
formic acid-water. 

Human (non-smoker). 

0.6l5:andl0j74t 

0.2:1§ and 0.37: 

Human smoker 

0.6U5:0.74.: 0.8o,t 

0.215 and 0.3":: 


0.90 ! 


Dog 

).61,§ 0.74,: 0.85t 

0.215 and 0.37:: 


•Bladder urine collected from ■ dogs (receiving lO: mg, kg 
nicotine by intravenoua infusion over an'8-hr period) via in¬ 
dwelling catheters. Control urines of both species yielded no 
Koenig positive zones. Nicotine wasladniinisiered orally to the 
human subject..Pooled urine from malh smokers was employed. 

t Coohromatographed with Z-nicotine; 

t Cochiomatographed with cotinine:. 

§ Coohromatbgraphed with desmelhylcotinine. Fraction 
aoetylated to give comjxjnenls corresponding to acetoxycotinine 
and desmethyltotinine. 

similarity tb'the previous result's obtained in the 
dog. Chemical isolation of cotinino as one of the 
metabolites inibotli species points to a desirability 
of a studl^', of cotinine metaboliBin in the humanL 
It has been estlablished that, cotinino serves; as 
an intermediate: ini the degradation of nicotine 
in the dog. The paper chromatograms of the 
chloroform-soluble fraction of human urine 
strongly suggest that cotinino has ai similar 
role in man. Since the desmethylcotinine frac¬ 
tion (Itf: 0.61,; ammonia-ethanol-butanol) of 
urine yields on acetylation material with chroma¬ 
tographic characteristics of desmethylcotinine 
and acetoxycotinine, it.is.inferred that tlie path¬ 
way of nicotine metiabollsm in the human rnay 
resemble that of dog, tiz., nicotine —> ootinine 
liydroxycotlhinc plus desmethylcotinine. 

Similar pathways are inferred also from a study 
of thc'urine of smokers'(table 1). Both dog unime 
and smokers’' urine contain. maLCrini which is 
Koenig positive' at. Rf 0.85 (ammonia-ethanob 
butanol): cornesponding; to nicotine. Other 
investigators, have noted the'urinary excretion of 
nicotine under eomparabie'conditions. The Human 
sul)ject who neeeivedi nicotine excreted, in 
contrast,, no nicotine dbtectable under the com 
ditions employed for isolation. One explanation 
for this differenee may lie in tlie differences in 
route of administration.. In both the smoker 
and the dbg. receiving nicotine intravenously it 
is anticipated that some nicotine may be pre¬ 
sented tor the kidney, for excretion without 


opportunity for tlie: liver (Iluckcr et aL, 1959) 
or other tissues: (Akira,; 1957; Miller and Larson; 

1953; Werle and Uschold, 1948) to degrade: the 
compound. In contrast, absorption of orally 
administered nicotine may provide, via portal 
circulation; a unique opportunity for metabolic 
transformation in the liver. 

The component in smokers’ urine at Rf 0.90 f- 
(ammonia-cthanol-butanol),: whichi was not 
encountered ini either dog, urine or humani urine 
after nicotine, may represent a new nicotine 
metabolite. On: the other hand, pyridine com¬ 
pounds other than nicotine im smoke may be 
responsildc for appearance of the material. It is 
possible, too; that, unbeknown to us, some of 
the volunteers, may have beeni receiving medi^ 
cationi which is responBiblh for tliis; component. 

Although the: present study docs not directly 
concern itsclfi with the immediate precursors of 
cotinine some conclusions may be drawn with 
respect to. the source of this compound. 7-(3- 
Pyridk'.l)- 7 -methy,liiminobut:yric acid, which is 
responsible for a pink color produced by addition 
of cyanogen bromide to the urine of the niootine- 
treatedi dog, is spontaneously lactiamized to 
cotinine under physiological conditions of pH ^ 
and temperature (McKennis et at., 195Sa). Werle v. 
ei al. (1956)I have reported' that smokers’ urine 
gives the color reaotioni with cyanogen bromide. 

In the present study material obtained,,following 
smoking or ingestion of nicotine, by eluting 
pyridine components of the urine from Dowex 
50 (Hl+); showed a: similar behavior with cyanogen 
bromide. The'reaction could not be obtained if 
the material was. Heatedl prior to addition of 
cyanogen bromide. This behavior parallels that 
of 7 -3-pyridyl-7-methylaminobutyric acid I which 
loses its color-prodlicing abilit}* as. the result of 
lactam formation (acylation of the methylamino 
group):. It may bo inferred then that in the 
Inmian 7-3-pyridyl-7metliylaminobutyric acid 
is a nicotine metabolite which lactamizes to 
cotinino. 

Various studies ue provide evidence for an 
oxidative metabolism of nicotine to cotinine 
without, necessity for the intcrmedlat'e methyl- 
amino acid. Nicotine in the presence of peroxide 
or merely on storage (Frankenburg and Vaite- 
kunas, 1957) is oxidized to cotinine. This suggests 
the possibility of catalase-peroxide catalysis in 
the formation of cotinine in vivo. Thus, at least 
two pathways.to the formation of the important 
intermediate: cotinine, one direct and the other 


Source: https://www.industrydocunnents.ucsf.edu/docs/jlvnnOOOO 
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via 7-(3-pyridyl)-Y-methylkmlnobutyric acid, 
are potentially available for physiological dis¬ 
position! of nicotine. 

SUMMARY 

Following the smoking of tobacco or ingestion 
of nicotine the urine of human subjects contained 
cotinine which was identified as the picrate and 
dipicrate. Chromatograms of the: urines suggest 
the presence of hydroxycotinine and dcsmethyl- 
ootinine and related Koenig positive components 
and lead to the: conclusion that cotinine plays, in 
man as: well as; in the dog, an important, rolfe as 
intermediate: in nicotine metabolism. 

Acknowledgments. The authors wish to 
acknowledge generous support by grants from 
the Tobacco Industry Research Committee and 
the Amerioani Tobacco Company. Dr. E; Wada^ 
kindly supplied a sample of cotinine dipicrate for 
comparison. Mr. J. Scott Osborne, Research 
Laboratbw, the: American Tobacco Company, 
kindly made the infrared' determinations. 

REFERENCES 

Akira, T.: Folia pharmacol. Japon. 63: 553,, 
1957. 

Bennett, D. R., Tedeschi, R. E^ and L.^rson,, 
P. S.: Arch int.. Pharmacodyrn 98: 221', 1954., 
Gates,, J. E. and Garrod, O. : Clin., Sci. 10: 145,, 
1951. 


Chalmers,. T. M. and Lewis, A. A, G.: Clin. 
Sci. 10 £ 137, 19511. 

Corcoran;, A. C., Helmer,, 0. M. and Page, I, 
H.: J. biol. Chem. 129: 89, 1939i 
Dingman, j. F., Benirschke, K. and Thorn, G. 

W.: Amer. J. Med.. 23: 226, 1957. 
Frankenburg, W., G. and Vaitekunas, a. A.: 

J. Amer. chem. Soc. 79: 149> 1957. 

Ganz, a., Eensey.j.F. E. and'Geiling, E. M. K.: 

This Journal 103: 209; 1951. 

Hausman, W.: J. Amer. chemi Soc. 74: 3181, 1952. 
Mucker, Hi. B., Gillette, J. R. and Brodie, 
B. B.::Nature 183: 47, 1959. 

Larson, P. S. and H.\ag,, H. B. : This Journal 
76: 240, 1942. 

McKennis, ■ H.,: Jr., Turnbull, Lj B. and 
Bowman:, E.,R.: J. Amer. chem. Soc. 79; 6342, 
1957. 

- McKennis, K., Jr., Turnbull, Li B. and 
Bowman, E. R.: J. Amer. cHemi Soc. 80: 6597, 
1958a. 

McKennis, H., Jr., Turnbull,, L. B. and 
Bowm.an, E. R.: Abstracts of Communications, 
p. 184, IV Ibt. Cong, ofi Biochem., Vienna, 
Austria, 195Sb.. 

McKennis, H., Jb., Turnbull, L. B.,, Bowman, 
E; R. and Wada, E.; J. Amer. chem. Soc., in 
presss 1959. 

Miller, A. W, and L.vrson, P. S. : This Journal 
109s 218, 1953.. 

Quin, L. D.: Tobacco Chemists’ Research Con¬ 
ference, Durham^ N. C., 1958. 

Wada, E., Kisaki,. T. and Saito, K.: Arch. 

Biochem. Biophys. 79: 124, 1959. 

WerLE, E., ScHIEV.ELBEIN, H. AND StIETH, D.: 

Anztl.-Forsch. S: 322, 1956. 

W'erle,, E. and: Uschold, E.: Biochem. Z. 318: 
531, 1948. 


|iiif(M»;//www.inclustrydocunnents.ucsf.edi 


Jsi'OOq 



1003541622 









